This study aimed to evaluate the infl uence of the independent variables concentration of citric acid, concentration of potassium sorbate, and pulp/sugar ratio on consumer acceptance for sweet guava. The results were analyzed using statistical methods such as preference map and response surface methodology to determine the infl uence of the independent variables. Response surface methodology alone proved insuffi cient to achieve an optimal formulation for the preparation of sweet guava. Based on preference mapping analysis, consumer preference was observed for treatments using higher concentrations of sugar and citric acid. Parameters of sweetness, appearance and texture infl uenced consumer preferences.
INTRODUCTION
The fruit and its derivatives are products of interest in world trade, representing an important source of income for many developing countries (BRITO et al., 2011) . Brazil is one of the richest countries in tropical fruits, among them guava (Psidium guajava L.), a fl avored and perfumed fruit (BRITO et al., 2009 ).
According to Mori, Yotsuanagi e Ferreira (1998) sweet guava, should have a characteristic color ranging from yellowish-red to brownish-red, a characteristic smell and taste of guava, and a jellylike yet solid texture that allows the preserve to be sliced. However, the large majorities of companies producing this type of food are small or medium-sized, and therefore lack quality control procedures. Absence of quality control standards can be a major drawback for product expansion to new markets.
The determination of consumer acceptance is a crucial part of product development and quality improvement ( In sensory analysis, response surface methodology (BOX & DRAPER, 2007 ) is used as a model consumer response (ROYER et al., 2006) . The model generates predictive equations that correlate the consumer response and the process. These predictive equations (models) may be used to optimize processing and to estimate the expected consumer response to a combination of factors that are not directly tested (MOSKOWITZ, 1994) .
Acceptance data are usually analyzed by statistical techniques that consider univariate responses. This assumes that consumer acceptability is homogenous, and therefore the values obtained may fail to refl ect their actual mean. However, individual data variability should also be taken into account (CARDELLO & FARIA, 2000) . An alternative is to use a statistical technique known as preference mapping, consisting of a set of statistical procedures based on principal component analysis (PCA), cluster analysis, and multiple polynomial regression (SCHLICH, 1995) .
The objective of this work was to evaluate the infl uences of the concentration of citric acid, concentration of potassium sorbate, and pulp/sugar ratio on the acceptance of sweet guava by consumers using an acceptance test, response surface methodology and preference map.
MATERIAL AND METHODS

EXPERIMENTAL DESIGN
A full 2 3 factorial design with notations ± 1 and three replications at the center point (level 0) was used as described by Box & Draper (2007) . The pulp/sugar ratio and the concentrations of citric acid and potassium sorbate in the pulp were defi ned as independent variables. The variations in the concentrations of the independent variables were defi ned according to data in the literature (TORREZAN, 2003) , and to limits established by Brazilian legislation (BRASIL, 1978) regarding the addition of sorbic acid and its salts to the sweet guava (Table 1) . The fruit was rinsed under running water and sanitized in a sodium hypochlorite solution at 200 mg L -1 for 15 minutes, then selected and blanched to inactivate the enzymes responsible for enzymatic darkening and the activity of peroxidase was analyzed according to Matsumo and Uritane (1972) . A heat treatment at 100ºC for 5 minutes was suffi cient to fully inactivate this enzyme. Peroxidase is an enzyme in fruits and vegetables with one of the highest thermal stabilities, and it is largely used as an indicator of blanching and other heat-producing processes.
The guava fruits were pulped using an electric depulper (0.6 mm diameter sieve) and the preserve was processed in a lidless stainless steel pot. Pulp and sugar were added fi rst, followed by pectin (0.5% of the pulp in all treatments). Citric acid was added toward the end of the cooking process in order to prevent degradation of the pectin due to acidity and high temperature. Potassium sorbate was dissolved into the pulp (on average, one part sorbate to four parts pulp) and added when the preserve had reached a concentration of approximately 50ºBrix. Each preserve formulation ( Table 2 ) was heated until the preserve reached a soluble solid content of 73º Brix. While still hot, the preserve was stored in polypropylene containers and left to cool at room temperature. 
ACCEPTANCE TEST
Seventy-fi ve people living in Lavras (Minas Gerais State) answered a preliminary questionnaire, and based on the results for sweet guava intake frequency (at least occasional) fi ftyfour people were selected to participate in the sensory analysis.
Of the forty-four consumers participating in the acceptance test, 73% were female, 52% were aged between 20 and 29, and 77% had a family income of 1 to 10 minimum wages. The consumption of sweet guava between men and women was 47% (women) and 42% (men) which eat this product occasionally.
The test was conducted in individual cabins and the eleven samples of sweet guava (2 3 factorial + 3 center points) were served individually in three sessions. The presentation order of the samples followed the experimental design for treatment evaluation described by Wakeling and Macfi e (1995) . In this design, each treatment appeared the same number of times in each position and was preceded the same number of times by each of the others. This design avoided both the presentation order effect and the residual effect. The chosen design was comprised of 44 different presentation sequences in order to estimate the main effects without bias. The consumers were given approximately 30 g of each sample in disposable plastic cups coded with three-digit numbers.
The acceptance of the samples was based on the attributes of 'appearance', 'color', 'sweetness', 'guava taste', 'texture' and 'overall impression', using a nine-point hedonic scale that ranged from 'I dislike extremely' (Score 1) to 'I like extremely' (Score 9).
STATISTICAL ANALYSIS OF RESULTS
The data obtained with the preliminary questionnaire were tabulated and submitted to a frequency analysis in order to outline the profi le of consumers participating in the sensory analysis.
For each treatment, including the central points, the dependent variables (acceptance scores for sensory attributes) were evaluated and the mean acceptance data were submitted to regression analysis. A fi rst-order regression model containing linear terms and the binary interactions of the three independent variables was adjusted (x 1 , x 2 , and x 3 ) to generate the response surface. Analysis of variance (ANOVA) was applied to test the fi tness of the models, and the signifi cance of regression analyzed using the F test and the coeffi cient of determination (BARROS NETO, SCARMINIO & BRUNS, 1995). The full linear models and the independent variables were used to construct the response surfaces. The statistical analysis was performed using statistics software Statistica 8.0 (STATSOFT, 2008).
To construct the preference map, the mean acceptance score of the three replications at the center point was determined. Each consumer's mean acceptance scores were fi rst analyzed using Principal Component Analysis (PCA) for the parameters of appearance, color, guava taste, sweetness and texture. For PCA, the data were organized into a matrix with the samples arranged in rows and the mean acceptance scores arranged in columns. This method produced a low number of independent components and minimized the loss of original information (variation). The covariance matrix was chosen because the same type of scale was used for each parameter being evaluated. Y i = acceptance score of overall impression for the ith consumer; X 1i = score of the 1st principal component for the ith consumer; X 2i = score of the 2nd principal component for the ith consumer; a = intercept; b k = regression coeffi cients of the model (k = 1,2).
The preference (X 1 .X 2 ) for each treatment was provided as a percentage of consumers preferring the treatment (j) with coordinates X 1j and X 2j on the sensory map in relation to the overall impression. Preference was referred to as an index given by Equation 2:
(2) X 1j = score of the 1st principal component for the jth treatment; X 2j = score of the 2nd principal component for the jth treatment; n = number of consumers; j = number of treatments (1,..., 9); c i = coordinate of each treatment j in relation to each individual consumer, coded as follows: c j (X 1j .X 2j ) = 1, if f i (X 1j .X 2j ) ≥ overall mean score; c j (X 1j .X 2j ) = 0, if f i (X 1j .X 2j ) < overall mean score.
To facilitate the understanding and discussion of results, a scatter plot of the samples created by principal component analysis was plotted onto the preference map.
A correlation graph was created of the acceptance data relating to the sensory attributes appearance, color, sweetness, guava taste, and texture with the fi rst two principal components.
The SensoMineR package from the statistics software R, version 2.15.0 (2011), was used to analyze the results according to Husson and Lê (2006) .
RESULTS AND DISCUSSION
OPTIMIZATION BY RESPONSE SURFACE METHODOLOGY
The results shown in Table 3 indicate that the estimates of the linear parameters (potassium sorbate and citric acid) and the interactions between citric acid with pulp/sugar and potassium sorbate with pulp/sugar signifi cantly infl uenced (p < 0.05) sample acceptability in relation to the attribute 'taste of guava'. These parameters provide substantial contributions to the development of the model.
Based on the results in Table 3 , a surface analysis was performed as illustrated in Figure 1 , sections (A) and (B). Regarding other sensory attributes, the parameters with estimates that were not signifi cant (p ≥ 0.05) were not critical to explain the response variable. However, these variables were kept in the model to prevent the reduction of the predictive power of the coeffi cient of determination. Table 3 , a surface analysis was performed as illustrated in Figure 1 , sections (A) and (B). Regarding other sensory attributes, the parameters with estimates that were not signifi cant (p ≥ 0.05) were not critical to explain the response variable. However, these variables were kept in the model to prevent the reduction of the predictive power of the coeffi cient of determination.
TABLE 3 -ESTIMATED EFFECTS AND REGRESSION COEFFICIENTS FOR THE EVALUATION OF THE VARIABLES 'APPEARANCE', 'COLOR', 'GUAVA TASTE', 'SWEETNESS', 'TEXTURE' AND ' OVERALL IMPRESSION' OF THE CODED VARIABLES
FIGURE 1 -CONTOUR SURFACE FOR THE VARIABLE 'TASTE OF GUAVA'. VARIABLES THAT DO NOT APPEAR IN THE GRAPHS ARE FIXED AT THE CENTER POINT
The negative linear effect of citric acid on the dependent variable 'guava taste' indicated a reduction in this variable within the scope of this study, contributing to reduced acceptability based on guava taste. The opposite occurs with the variable 'potassium sorbate'. The acceptance of the samples based on 'guava taste' may be attributed to increased pH and decreased acidity among the treatments. The addition of potassium sorbate to food generally leads to an increase in pH by approximately 0.1 to 0.5 pH units, depending on the quantity, pH and type of product (PADILLA-ZAKOUR & ANDERSON, 1998).
The shape of the contour lines in Figure 1 indicates the possible existence of a stationary point outside the experimental region. Visual analysis alone could lead to an incorrect interpretation. Therefore, the application of another statistical methodology, such as the Ridge method, is required to fi nd an optimal value closer to the limits of the experimental region. With this limitation, and the fact that the majority of the parameters in the response surface model were not signifi cant (Table 3) 
PREFERENCE MAP
The position of the points in the quadrants as plotted on the preference map (Figure 2) shows that treatment 2 (without the addition of potassium sorbate and containing a higher concentration of sugar and citric acid) was preferred in relation to overall impression. Treatment 2 is positioned in an area where approximately 80% of the consumers gave the treatment an above average score, indicating that consumers preferred the sample with a higher concentration of sugar and acid. Royer et al. (2006) showed contrary results studying on optimization of the production of jelly from apple pomace and quince, being the judges appreciated the jelly with the highest quince content and the lowest sugar content. Prior to the construction of the preference map, the estimation of principal components ( Figure 3 ) indicated that 87% of the total variation in acceptance data regarding the sensory attributes appearance, color, guava taste, sweetness and texture may be explained by the fi rst two principal components. For this reason a two-dimensional graph was built.
The correlation circle (Figure 3) indicates that the acceptance of treatment 2 was mainly positively infl uenced by the sensory attributes 'sweetness', 'appearance' and 'texture'. This may also be verifi ed in the mean acceptance scores table (Table 4 ). The table shows that the mean scores for sweetness, appearance and texture in treatment 2 ranged between 7 and 8 (corresponding to hedonic ratings 'I like moderately' and 'I like very much'), whereas the mean scores for the other treatments ranged between 6 and 7 (corresponding to hedonic ratings 'I like slightly' and 'I like moderately). The results reveal that, although treatment 2 was preferred by the consumers, the acceptance scores for the other treatments ranged between 6 ('I like slightly') and 7 ('I like moderately') in every attribute (Table 4) .
Only the treatments with additional acid included in their formulations (1, 2, 3, 4, 9, 10 and 11) presented a fi rm texture that is characteristic of sliceable sweet guava. The samples that did not have acid added to the formulation (5, 6, 7 and 8) failed to reach a fi rm sliceable consistency, demonstrating the importance of adjusting the pH of the preserve to allow pectin to function in the formation of a gel. According to Evangeliou, Richardson & Morris (2000) and Yukinori et al. (2004) the functionality of pectin is dependent on molecular size, degree of methoxylation, pH and ion force. Although it was not signifi cant at p ≥ 0.05, the regression coeffi cient attributed to the linear parameter for 'citric acid' proved positive (Table 3) , and showed the infl uence of this factor in increased acceptability in relation to texture. The preference map (Figure 3) shows that the percentage of preference for treatment 2 (80%) was much higher than the other 8 treatments (between 30% to 50%).
CONCLUSION
In this study, response surface methodology alone proved to be insuffi cient to achieve an optimal formulation for the preparation of sweet guava. Based on the preference map and the correlation circle, it is possible to conclude that the best formulation is the one without the addition of potassium sorbate and containing a higher concentration of sugar and citric acid.
RESUMO OTIMIZAÇÃO DE DOCE DE GOIABA UTILIZANDO TESTE DE ACEITAÇÃO, METODOLOGIA DE SUPERFÍCIE DE RESPOSTA E MAPA DE PREFERÊNCIA
Este estudo objetivou avaliar a infl uência das variáveis independentes concentração de ácido cítrico, concentração de sorbato de potássio e razão entre polpa/açúcar na aceitação de doce de goiaba. Os dados obtidos foram analisados pelas metodologias estatísticas de mapa de preferência e superfície de resposta para verifi car a tendência da preferência dos consumidores pelo produto. A metodologia de superfície de resposta, por si só, não foi sufi ciente para encontrar a formulação ótima para a elaboração do doce de goiaba. Por meio da análise do mapa de preferência verifi cou-se maior aceitabilidade dos tratamentos com maior teor de açúcar e de ácido cítrico, sendo essa infl uenciada pelos parâmetros de doçura, aparência e textura dos doces.
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